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ABSTAACT
In Chlorella pyrenoidosawhich have been photosynthesizing in either 1~5% l4 C02 or 0.05% l4 C02 in air~ gassing with 100% 02 results in rapid formation of phosphoglycolate which is apparently converted to glycolate.
However, only about one-third to one-half of the rate of glycolate formation Can be accounted for by this route. The remaining glycolate formation may be the result of the oxidation of sugar monophosphates, The rates of formation of both glycolate and phosphoglycolate are about four . 14 times greater with algae that have been photosynthesizing in 1.5% CO 2 than with algae which have been photosynthesizing with air, when the algae are then gassed with 100% °2, When Some species of green plants photosynthesize with l4 co2 , and the total CO 2 concentration is not higher than in air, glycolate is prominent among the early labeled products (5) . However, its formation occurs later than the formation of 3-phosphoglycerate (PGA) and sugar phosphates 0), which are the first products of CO 2 fixation in photosynthesis and are intermediates of the reductive pentose phosphate cycle of photosynthesis (1). 14 This is also true when C-labeled glycolate is formed by isolated spinach chloroplasts photosynthesizing with 14C0 2 (8).
Glycolate formation during photosynthesis is favored by low CO 2 concen-'tration (19) , high oxygen concentration (4) , and high light intensity (17) .
Once formed, glycolate may be metabolized via a variety of pathways Ifor review, see Tolbert (18)J including paths which lead to photorespiratory CO 2 in higher plants. In some unicellular algae, such as Chlorella pyrenoidosa, glycolate may be excreted into the suspending medium.
The mechanism whereby glycolate is formed from the intermediate compounds of the photosynthetic carbon reduction cycle remains in dispute.
Wilson and Calvin (19) suggested that the glycolyl moiety transferred in the transketolase-mediated reactions of the cycle might be oxidized to glycolic acid. 
EXPERIMENTAL
In some experiments, Chlorella pyrenoidosa were grown in a continuous culture apparatus aerated with 4% CO 2 in air (2). A 0.3% suspension of these algae was withdrawn, the algae were centrifuged from the culture 14 The gas flow system was closed and CO 2 added so that the concentration of CO 2 was about 1.5% with a specific activity of 15 ~C/~mole.
The cells were allowed to photosynthesize normally for 11 min, by which These samples were killed in methanol and were analyzed by paper chromatography and radioautography (13) .. Radioactivity in each compound was determined using an automatic gas-flow Geiger counter (13). In four experiments~ the period of flushing with 02 was followed by a 9 . period of flushing with N 2 , with times as shown in the figures. In one of these experiments, alternate samples were killed in 80%% methanol as usual, while the remaining samples were killed in 80% methanol to which 100 ~1 12 N HC1 (per 4 ml methanol) had been added. In another of these experiments, alternate samples were killed in 50% methanol, 27%
formic acid, and 23% water.
A second series of experiments were performed using Chlore11a pyrenoidosa grown on air not enriched with CO 2 , For this purpose the algae are grown in a low-form culture flask on a shaking apparatus in a temperature-controlled bath with illumination through the transparent bot tom of the flask (2) . A sintered glass bubbler provides for bet ter aeration. 14 Other conditions for culturing and for the exposure to CO 2 in the steady-state apparatus were as described above for the algae grown in 1.5-2% CO 2 , Gassing times and regimes are described with the Results.
RESULTS
A comparison of the changes in levels of RuDP, P-glycolate, and An analysis of these kinetic curves for PG, RuDP, and glycolate concentrations as shown in Figure 1 The concentration of phosphoglycolate in this experiment (Exp. 2, Figure 5 and (Figure 6 ). 14 After the air and CO 2 is replaced by 100% 0Z' the rate of appearance of both PG and glycolate increases. However, the rate of appearance of glycolate is much less than it was in the algae switched from 1 • .5% l4 coz to 100% OZ. It is clear that the rate of appearan,ce of glycolate after the switch to 100% 02 is much greater in relation to PC concentration than before (Table II) When algae photosynthesizing in 0.05% l4 coZ are switched f1.rst to 02' and then after 3 min to N2 (Figure 7) , it can be seen that the rate of glycolate utilization is in this case significant compared to rate of The increase in rate after the onset of 02 gassing is easily explainable as being the result of several seconds being required for the effective dissolved concentration of 02 to rise as a result of the switch from atmospheric 02 to 100% 02' The subsequent fall in the level of PG we attribute to a decreased rate of formation of PG resulting from some change in the activity of the enzyme. It has been found that the carboxylation activity of the enzyme greatly decreases (presumably as the result of conformational change) when the enzyme is presented with RuDP in the absence of CO 2 (9). We suspect that this change, which must occur when the 02 gassing takes place,also inactivates the enzyme with respect to the oxidative reaction.
Given the low concentration of PC, and the high reported activity of the enzyme glycolate phosphatase (15) , it seems reasonable to suppose that the rate of hydrolysis of P9 exhibits first order dependence on PC concentration under the conditions of our experiments. Th.is assumption is implicit in our comparison of the rate of disappearance of PC under N2 in Experiments 2 to 5 with the maximum rates of appearance of glycolate in those experiments. We wish to use this assumption also in the analysis of the PC and glycolate curves in Experiment 1 (Figure 1 ).
There are two points in Experiment 1, Figure 1 , at which the rate of change of PC concentration is at least momentarily zero. These are at 13.5 min, when the PG concentration is 0.98 ~g-atol 3 of l4C, and again at 20 min, when the PG concentration is 0.33 ~g-atoms of l4C. Let us make the assumption that at each of these two points the rate of hydrolysis of PG (equal to its rate of formation) is given by k(PG). Let us make the second assumption that glycolate formation is given by K + k(PG).
This rate experimentally is +3.00 ~g-atoms l4C min-l and +1.9 ~g-atoms l4C min-l --at 13 •. 5 min and at 20 min respectively. Solving the two simultaneous 14 -1 equations for these two times, we get K = 1.34 ~g-atoms C min and k - (Table I) . Considering these measurements and calculations for Experiments 1 through 5, it appears that under the conditions of 02 gassing of Chlorella previously photosynthesizing in 1.5% CO 2 , glycolate formation takes place both by way of phosphoglycolate (presumed to be formed by oxidation of RuDP) and by an independent pathway, which may be the oxidation of sugar monophosphates. During the first 90 sec of 02 gassing, the pathway via phospho glycolate may account for one-half or more of the glycolate formation, but during a subsequent period the rate of formation of the phosphoglycolate decreases, and this route to glycolate accounts for only about a third of the glycolate formation.
It will be noted that no allowance has been made for the conversion of glycolate to other matabolic products, despite the evidence (glycine formation, Figure 4 ) that such conversion does occur. The actual rate of formation of glycolate is the sum of the rate of its appearance plus the rate of its conversion, so that even less of the total glycolate production can be accounted for in terms of phosphoglycolate hydrolysis.
To summarize, it appears that with Chlorella, photosynthesizing either in 1.5% CO 2 or in air, addition of 100% 02 results in a rapid formation of phosphoglyco1ate which is converted to glycolate, but that only about one-third to one-half of the glycolate formed as a result of 02 addition is formed by this route. The remaining glycolate formation may be the result of the oxidation of sugar monophosphates. The rates of formation of both phosphog1ycolate and glycolate appear to be about four times greater when the algae had been photosynthesizing in 1.5% CO 2 than when they had been photosynthesizing with air.
-v In Experimen t 2, rate of glycolate appearance was measured at 11. 3 min while rate of PG disappearance was at l3.B min (see Figure 5 ). 
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Sugar monophosphates include glucose-6-phosphate and sedoheptulose-7-phosphate.
Fig~ 3~
Effect of 100% 02 on levels of sucrose and uridine diphosphoglucose in Chlor~lla pyrenoidosa after photosynthesis with 1.5% l4 C02 . Min. 14 C02 Fig. 7 
XBL134-4110
.. " 
r-----------------LEGALNOTICE------------------~

